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[571 ABSTRACT 
A method of forming a channel of varying width in a 
body comprises the steps of forming a plurality of mask- 
ing elements having an opening therethrough intersect- 
ing a plurality of the elements on a surface of the body, 
partially flowing the elements into the opening to form 
a masking pattern having a variable width opening 
therethrough, and removing portions of the exposed 
body to form the channel with a sidewall having a sur- 
face contour corresponding to an edge of the masking 
pattern. 
6 Claims, 2 Drawing Sheets 
12 
10- 
14 
10- 
14 
12 
https://ntrs.nasa.gov/search.jsp?R=20080012351 2019-08-30T03:55:57+00:00Z
U.S. Patent Apr. 25,1989 Sheet 1 of 2 4,824,747 
14 
12 
IO + 
14 
US. Patent Apr. 25,1989 Sheet 2 of 2 4,824,747 
10- 
14 
42 
145- Fig. 4 
4,824,747 
1 
METHOD OF FORMING A VARIABLE WIDTH 
CHANNEL 
The invention described herein was made in the per- 5 
formance of work under NASA Contract No. NAS 
1-17351 and is subject to the provisions of Section 305 
of the National Aeronautics and Space Act of 1958 (72 
Stat. 435; 42 U.S.C. 2457). 
variable width channel in a semiconductor body. 
BACKGROUND OF THE INVENTION 
The invention relates to a method of producing a 10 
Periodic corrugations are often useful in semiconduc- 
tor devices. In particular, distributed feedback (DFB) 15 
lasers incorporate a periodic grating in the laser struc- 
ture which provides spatial variations in the refractive 
index. When a DFB laser is electrically excited con- 
structive interference of diffracted light gives rise to a 
stable single wavelength output. In semiconductor de- 20 
vices it is also often useful to form a channel to define an 
optical waveguide. J. T. Andrews et al. in U.S. patent 
application No. 80,171 (RCA) entitled “DISTRIB- 
UTED FEEDBACK LASER”, filed concurrently 
herewith, disclose a DFB laser comprising a semicon- 25 
ductor body having opposed end faces and having a 
channel which varies in width. The variation in channel 
width is periodic along the length of the channel. As the 
desired length of each period is often less than one 
micrometer (pm) conventional photolithographic tech- 30 
niques to define the channel are generally unavailable. 
Well-known holographic techniques have been used 
to form gratings with a period less than 1 pm in length. 
The gratings formed generally comprise a plurality of 
parallel periodic elements. As these gratings are formed 
on a planar surface of a structure they have been consid- 
ered inapplicable in producing a channel in the struc- 
ture which periodically varies in width. Thus, it would 
be desiGble to have a method for producing a variable 
width channel. 
SUMMARY OF THE INVENTION 
A variable width channel in a body may be produced 
by forming a plurality of masking elements having an 
opening which intersects a plurality of the elements on 
a surface of the body. The elements are then caused to 
partially flow into the opening to form a masking pat- 
tern with a variable width opening therethrough. Por- 
tions of the body exposed in the variable width opening 
are then removed to form a channel having a sidewall 
with a surface contour corresponding to an edge of the 
masking pattern. 
BRIEF DESCRIPTION OF THE DRAWING 
FIGS. 1-4 are perspective views of different steps in 
FIG. 5 is a schematic diagram of an exposure tech- 
the process of forming a variable width channel. 
nique in the process of forming a grating pattern. 
DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 
In FIG. 1 a structure 10 comprises a body 12 having 
a pair of end faces 14 and a major surface 16 extending 
therebetween. A grating pattern 18 overlies the major 
surface 16. Typically the grating pattern 18 will com- 
prise a plurality of substantially parallel, linear masking 
elements 20 extending in the lateral direction, a direc- 
tion in the plane of both the major surface and the end 
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faces. The grating pattern 18 is typically a photoresist 
which may be either positive or negative working and 
must have the characteristic that after exposure it will 
flow when subjected to a specific environment, typi- 
cally heat. Suitable resists include, for example, novo- 
lac/diazoquinone sensitizer preparations such as AZ 
1450B of the Shipley Company. The photoresist may be 
applied by any conventional procedure, preferably by 
spin-coating to a thickness typically about 0.1 pm. 
As shown in FIG. 2, an opening 30 is formed which 
intersects a plurality of masking elements 20 and typi- 
cally is substantially perpendicular to the end faces 14. 
The opening 30 is preferably linear and is formed in the 
grating pattern 18 by masking, exposing, and develop- 
ing the photoresist. Alternatively, if a negative resist is 
used, the opening 30 may be formed by masking the’ 
structure 10 when the masking elements 20 are formed. 
The structure 10 is then exposed to an environment, 
typically heat, which causes the elements 20 to flow 
such that the elements 20 reduce in amplitude relative to 
the major surface 16 and partially extend into the open- 
ing 30 to form a variable width opening 32 bordered by 
a periodically varying masking pattern 33, as depicted 
in FIG. 3. Preferably, the elements 20 on each side of 
the opening 30 substantially flow together such that the 
spacing between the elements 20 is eliminated. Baking 
times and temperatures to create the proper flow of 
photoresist are typically determined experimentally. If 
an AZ 1450B photoresist is used, typically the device 
will be baked for 10 minutes at about 120” C. 
Portions of the body 12, exposed in the variable width 
opening 32, are then removed to form a channel 34 
having a plurality of sidewalls. At least one sidewall and 
typically both sidewalls will have a surface contour 
which corresponds to the edges of the masking pattern 
33, as shown in FIG. 4. Typically, the elements 20 are 
equally spaced apart and are of about the same width, in 
the direction perpendicular to the end faces 14, to form 
periodically varying sidewalls. Generally, a chemical 
etchant such as HCl:H3P04 is used. 
Preferably, the grating pattern 18 is formed by using 
holographic techniques. Typically, a laser emits a co- 
herent light beam 50 which is split into two beams by a 
beam splitter 54. The light is then directed toward the 
surface of the structure 10, having a photoresist layer 
thereon. The interference of the two beams creates a 
periodic exposure of the photoresist as defined by 
A = ( A / ~  sin e 
where A is the length of each period, A is the wave- 
length of the emitted laser beam and 8 is the angle of 
incidence of the beams as shown in FIG. 5. 
After the channel has been etched the structure 10 
may be used as a substrate in forming a laser such as that 
disclosed by J. T. Andrews et al. in U.S. patent applica- 
tion (RCA 80,17 1) entitled “DISTRIBUTED FEED- 
BACK LASER’, fded concurrently herewith. 
Although the principles of the invention have been 
described in relation to the structure 10, it is to be un- 
derstood that these principles are applicable to other 
structures incorporating alternative materials, layer 
structures and channel shapes such as rectangular or 
dove-tail shapes. 
We claim: 
1. A method of forming a variable width channel in a 
body having a pair of opposed end faces and a major 
'. 
4 
4,824,747 
3 
surface extending therebetween, which comprises the 
ments are substantially parallel and extend in the lateral 
steps of: direction. 
forming a plurality of masking elements having an 3. The method of claim 2, wherein said opening is 
opening therethrough on said major surface, said 5 linear and is substantially perpendicular to the end 
faces. 
4. The method of claim 1, wherein said masking eIe- opening intersecting a plurality of said elements; 
flowing said elements such that a plurality of said ments are equally spaced apart and are of about the 
elements partially extend into said opening to form same width in the direction perpendicular to the end 
10 faces, to form at least one periodically varying sidewall. a masking pattern having a variable width opening; 5. The method of claim 4, wherein the masking ele- 
removing a Portion of said body exposed in said Vari- ments flow together such that the spacing between the 
able width opening to form a channel having a elements is eliminated. 
6. The method of claim 1, wherein said masking ele- plurality of sidewalls with at least one sidewall 
15 ments are composed of photoresist and are formed by 
having a surface contour corresponding to an edge 
of said masking pattern. 
2. The method Of 1! wherein said masking 
holographis * * * * *  
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